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(57) ABSTRACT

The present invention relates to a point source light-emitting
diode containing a support substrate, a metal layer, a first
conduction-type layer, an active layer, a second conduction-
type layer containing a current-narrowing structure, and a
topside electrode having an aperture, stacking in this order,
in which the metal layer 1s provided locally 1n an area
corresponding to the aperture and has a metal reflection face
by which a light generated in the active layer 1s retlected
towards the aperture side, and the point source light-emitting
diode further contains a light-reflection reduction face hav-
ing a lower reflectivity and/or a higher absorptivity than the
metal retlection face, provided around the metal reflection
face.
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1
POINT SOURCE LIGHT-EMITTING DIODE

FIELD OF THE INVENTION

The present invention relates to a point source light-
emitting diode having a chip structure that suppresses side
light leakage from end faces of the chips.

BACKGROUND ART OF THE INVENTION

There have been known chip-shaped light-emitting diodes
having an active layer between a topside electrode and a
support substrate, a current-narrowing structure designed so
as to centralize dniving current 1n a certain region of the
active layer and to induce local emission of light from the
certain region of the active layer, and a metal reflection layer
for making the light emitted from the active layer toward the
substrate side be reflected toward the side of the topside
clectrode, 1n which output light 1s given off via an aperture
locally formed 1n the topside electrode. An example of them
1s the light-emitting diode disclosed 1n Patent Document 1.
In such a light-emitting diode, among the light rays pro-
duced 1n the active layer, light ray directed to the side of the
support substrate 1s reflected off the metal reflection layer
toward the side of the topside electrode. Such a diode
therefore has a characteristic of ensuring high light-output
clliciency, compared with a highly angle-dependent multi-
layer film reflection mirror (1.e., DBR layer, which stands for
a distributed Bragg reflection layer), and has been utilized as
a light sensor, an optical encoder or a point source of light
in plastic optical fiber (POF) communications.

Patent Document 1: JP-A-2006-148059

SUMMARY OF THE INVENTION

The chip-shaped point source light-emitting diode as
mentioned above has the metal reflection layer provided all
over the cross section orthogonal to the thickness direction
of the chip. Therefore, among the light rays radiating from
a region of the active layer, a light ray reflected by the metal
reflection layer 1s emitted from the end faces of the chip as
it 1s or after undergoing multiple reflections between the
metal reflection layer and the topside electrode. There have
been cases where the side light rays leaking out from the end
taces of the chip had an intensity of, for example, about 20%
of the maximum intensity, and besides, they caused a trouble
of mixing with output light given ofl via the aperture formed
in the topside electrode of the point source light-emitting
diode as a noise component. In some cases, this noise
component 1s an 1mpediment to performing measurements
or communications utilizing the point source light-emitting
diodes as light sources. For the purpose of improving
resolution at the light emission point of a light-emitting,
diode, Patent Document 1 has carried out covering each of
side walls formed around the light-emitting diode areas
interspersed 1n 1sland shapes with a wiring-cum-clad layer.
However, there have been cases where formation of side
walls 1n uniform thickness was diflicult to end 1n failure to
suppress side light reliably.

Against the background of the circumstances mentioned
above, the present invention has been made. An object
thereol 1s to provide a point source light-emitting diode
which allows suppression of side light leakage from end
faces of the point source light-emitting diode.

The present mventors conducted a variety of examina-
tions and studies against the background of the foregoing
circumstances, and as a result, they have found that the side
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light leakage from end faces of a point source light-emitting
diode can be suppressed appropriately by providing a metal
layer having a metal reflection face immediately underneath
a local light emission region in the active layer of a point
source light-emitting diode, and further providing a light-
reflection reduction face around the metal reflection face. On
the basis of such findings, the present invention has been
made.

More specifically, the gist of the present mmvention con-
sists 1n that (a) the present point source light-emitting diode
contains a support substrate, a metal layer, a first conduc-
tion-type layer, an active layer, a second conduction-type
layer containing a current-narrowing structure, and a topside
clectrode having an aperture, stacking 1n this order; (b) the
metal layer 1s provided locally 1n an area corresponding to
the aperture and has a metal reflection face by which a light
generated 1n the active layer 1s reflected towards the aperture
side; and (c) the present point source light-emitting diode
further contains a light-reflection reduction face having a
lower reflectivity and/or a higher absorptivity than the metal
reflection face, provided around the metal reflection face.

According to the thus configured point source light-
emitting diode, the metal reflection face 1s provided locally
on an area of the metal layer facing to the aperture formed
locally 1n the topside electrode, and retlects light generated
in the active layer and makes the light direct toward the
aperture’s side, and around the metal reflection face 1is
provided the light-reflection reduction face having a lower
reflectivity and/or a higher absorptivity than the metal
reflection face. Hence a portion of light rays directing
toward the support substrate from a region of the active layer
1s reflected by the metal reflection face and another portion
thereol 1s absorbed by the light-reflection reduction face
without being reflected, and thereby side light leaking out
from the end faces of a chip-shaped point source light-
emitting diode can be suppressed adequately.

Herein, 1t 1s approprniate that the first conduction-type
layer contains a first contact layer and the present point
source light-emitting diode further contains a dielectric layer
being 1n contact with a portion of the first contact layer and
provided on the metal layer. According to such a layer
structure, 1n the metal layer surface, there 1s an area covered
with the dielectric layer which 1s 1n contact with a portion of
the first contact layer. In the area, reaction between the metal
layer and the first contact layer, that 1s, diffusion or alloying
1s 1nlibited, and therefore diffused reflection and light
absorption are suppressed. As a result, a metal reflection face
having a high reflectivity 1s formed on the active layer side
of the metal layer. In this point, the dielectric layer acts as
an alloying prevention layer.

In addition, it 1s appropriate that the dielectric layer be
provided locally on an area of the first contact layer, corre-
sponding to the aperture. According to such a structure, the
arca ol the metal layer surface facing to the aperture is
prevented from the reaction between the metal layer and the
first contact layer, that 1s, diffusion or alloying, and therefore
diffused reflection and light absorption are suppressed. Thus,
a metal reflection face having a high reflectivity 1s formed on
the active layer side of the metal layer.

Further, it 1s appropriate that, the present point source
light-emitting diode further contain, in the interior of the
dielectric layer, at least one intermediate electrode provided
so as to pass through the dielectric layer for electric conti-
nuity between the first contact layer and the metal layer.
According to such a structure, electric current to travel
between the topside electrode and such at least one inter-
mediate electrode comes to flow 1nto the intermediate elec-
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trode passing through the dielectric layer provided in the
area corresponding to the aperture formed locally in the
topside electrode. Therefore, the current 1s centralized in the
region of the active layer corresponding to the area directly
underneath the aperture formed in the topside electrode,
without diffusion. As a result, the active layer 1s made to
emit light locally 1n the region corresponding to the area
directly underneath the aperture formed 1n the topside elec-
trode. Thus, side light emission 1s further suppressed.

Further, 1t 1s also appropnate that the metal layer be made
to stack locally on the first contact layer 1n the same pattern
as the dielectric layer in a state of adjoining the dielectric
layer, or to stack overall on the first contact layer. When the
metal layer 1s made to stack locally to the first contact layer,
at least the dielectric layer and the metal layer are required
to be patterned. On the other hand, when the metal layer 1s
made to stack overall to the first contact layer, only the
dielectric layer 1s subjected to patterning. In the case of
making the metal layer stack overall to the first contact layer
via the localized dielectric layer, alloying occurs at the
boundary surface between the contact layer and the metal
layer due to the temperature at the thermocompression
bonding, resulting in formation of the light-retlection reduc-
tion face having a reduced retlectivity and/or an increased
absorptivity. It 1s also possible to provide positively a layer
containing a material for reduction of light reflection around
the localized dielectric layer.

In addition, it 1s appropriate that the support substrate be
bonded to the first contact layer by thermocompression via
a metal adhesion layer containing a metal having a low
melting point, and the present point source light-emitting
diode further contain a diffusion-control barrier layer made
to mtervene between the metal adhesion layer and the metal
layer. According to such a structure, it becomes possible to
prevent reaction from occurring between the metal adhesion
layer and the metal layer at the temperature when the metal
adhesion layer melts. For the metal adhesion layer, metals
having a low melting point, such as Au—In, Pb—Sn, In—=Sn
and Au—=>Sn are suitably used.

The intermediate electrode has no particular restrictions
as to materials to be used therein, but the materials are
preferably materials capable of forming ohmic electrodes.
Examples of the material forming an ohmic electrode
include AuZn, AuBe and ITO. In addition, the metal layer
also has no particular restrictions as to materals to be used
therein. Examples of the material usable therein include Ag,
Al, Au, Pt and alloys contaiming any of these metals (e.g.
AuZn). Additionally, there i1s nothing wrong with using
cither the same material or different materials 1n forming the
intermediate electrode and the metal layer so long as such
uses depart from the purport of the invention.

Further, 1t 1s appropriate that, 1n a cross section passing
through the center of the aperture formed locally in the
topside electrode, the metal reflection face have a diameter
.2 and the aperture have a diameter L1, satistying the
relation of 0.2L1=[.2<1.8L1, preferably the relation of
0.6L.1=<L.2=<1.4L1. According to such a structure, retention of
output light intensity and suppression of side light are made
compatible with each other, and the intensity of side light
can be reduced without lowering the intensity of output
light.

Furthermore, 1t i1s appropriate that the light-reflection
reduction face have a reflectivity RR2 and the metal reflec-
tion face provided on the metal layer has a reflectivity RR1,
satistying the relation of RR2<0.8RR1. According to such a
structure, retention of output light intensity and suppression
of side light are made compatible with each other, and the
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intensity of side light can be reduced without lowering the
intensity of output light. In addition, it 1s preferred that the

reflectivity RR1 of the metal reflection face satisty the
relation of RR1=270% with respect to the light of wave-
lengths to be emitted from the active layer.

Further, it 1s preferred that, in the cross section passing
through the center of the aperture, the metal reflection face
have a distance D between an edge of the metal reflection
face and a point of intersection of the normal to an edge of
the aperture and the metal reflection face, satistying the
relation of 0=D=0.4L1, preferably the relation of
0=D=0.2L1, with respect to the aperture’s diameter L1.
According to such a structure, retention of output light
intensity and suppression of side light are made compatible
with each other, and the intensity of side light can be reduced
without lowering the intensity of output light.

In addition, it 1s preferred that, the aperture have an area

Al and the metal retlection face have an area A2, satisiying
the relation of 0.04A1=A2<3.24A1, preferably the relation

of 0.36A1=<A2=1.96A1. According to such a structure,
retention of output light intensity and suppression of side
light are made compatible with each other, and the intensity
of side light can be reduced without lowering the intensity
ol output light.

Moreover, 1t 1s appropriate that the topside electrode have
a distance L3 between one outer edge and another outer edge
in the cross section passing through the center of the aperture
formed locally 1n the topside electrode, satisiying the rela-
tion o1 .2=<0.9L3. According to such a structure, suppression
of side light can be achieved more eflectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view 1illustrating an example of point
source light-emitting diodes to which the present invention
has been applied.

FIG. 2 1s a vertical cross-section diagram for explaining
schematically a multilayer structure of the point source
light-emitting diode illustrated 1n FIG. 1, and this diagram 1s
a cross section viewed from the direction along the arrow of
the II-II line 1n FIG. 1.

FIG. 3 1s a graph showing a light output characteristic that
shows the change 1n the output of light on the light extrac-
tion side of the point source light-emitting diode 1llustrated
in FIG. 1 along the Y axis passing through the center of the
aperture formed 1n the topside electrode.

FIG. 4 15 a vertical cross-sectional diagram for explaining
schematically a multilayer structure of a point source light-
emitting diode 1n which a metal reflection face 1s provided
all over, and this diagram 1s comparable with that in FIG. 2.

FIG. 5 1s a graph showing a light output characteristic of
the point source light-emitting diode 1illustrated in FIG. 4,
and this graph 1s comparable with that in FIG. 3.

FIG. 6 1s a flowchart explaining each of processes 1n a
manufacturing procedure of the point source light-emitting
diode illustrated in FIG. 1.

FIG. 7 includes diagrams which illustrate multilayer
states attained by the manufacturing processes of FIG. 6,
respectively, 1n which (a) i1llustrates a multilayer structure of
an intermediate product after the crystal growth process P1,
(b) illustrates a multilayer structure of another intermediate
product after the dielectric formation process P2, the inter-
mediate-electrode formation process P3, the metal-layer
formation process P4 and the diflusion-control barrier layer
formation process P5, (c) illustrates still another intermedi-
ate product after the support substrate bonding process P6
and the growth-substrate separation process P7, and (d)
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illustrates a multilayer structure of the product after the
current-narrowing structure formation process P8 and the
clectrode formation process P9.

FIG. 8 1s a vertical cross-sectional diagram for 1llustrating,
schematically the multilayer structure of a point source
light-emitting diode according to another embodiment of the

present invention, and this diagram 1s comparable with that
in FIG. 2.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Embodiments of the present invention will now be
explained in detail by reference to the drawings. The draw-
ings referenced 1n the following embodiments are drawings
simplified or deformed as appropriate, and mdividual sec-
tions therein are not always drawn accurately with regard to
ratios between their dimensions, their shapes and so on.

Embodiment 1

FIG. 1 1s a plan view 1llustrating a surface emission-type
semiconductor light-emitting element to which the present
invention has been applied, that 1s, a point source light-
emitting diode 10. And FIG. 2 1s a diagram 1illustrating a
vertical cross section passing through the central point CP of
the aperture 12 formed i1n the topside electrode 16 of the
point source light-emitting diode 10, and this diagram 1s a
cross section viewed from the direction along the arrow of
the II-1I line 1n FIG. 1. The point source light-emitting diode
10 1s a chip-shaped rectangular solid having on its top face
not only a topside electrode 16 provided with a locally-
formed nearly square aperture 12 and a locally-formed
bonding pad 14 but also a light extraction face 17 embraced
in the bosom of the aperture 12. The topside electrode 16 1s
stuck by means of, for example, vapor deposition or sput-
tering. The topside electrode 16 1s formed from, for
example, an AuGeN1 eutectic alloy. In the interior of the
aperture 12 formed 1n the topside electrode 16, a conductive
orid 18 for making current uniform while allowing passage
of light 1n the largest possible amount 1s provided 1n a state
ol being connected to the topside electrode 16. The dot-dash
line X 1n FIG. 1 1s parallel to the direction of the length (long
side) of the point source light-emitting diode 10 and passes
through the central point CP of the aperture 12, while the
dot-dash line Y 1s parallel to the direction of the short side
of the point source light-emitting diode 10 and also passes
through the central point CP of the aperture 12.

As 1llustrated 1n FIG. 2, the point source light-emitting
diode 10 has a multilayer structure formed by stacking in
this order, a support substrate 20 made from S1 and having
a thickness of, for example, about several hundred um; a
metal adhesion layer 22 containing a metal (solder) having
a low melting point, such as Au—In, Pb—Sn, In—Sn, or
Au—ISn; a diffusion-control barrier layer 24 containing, for
example, titammum; a metal layer 26 containing, for example,
Ag, Al, Au, Pt or an alloy containing any of these metals
(e.g. AuZn); a dielectric layer 30 containing, for example, a
non-conductive material such as S10, and having a plurality
of intermediate electrodes 28 containing, for example,
AuZn, AuBe or ITO 1n a state of passing through the
dielectric layer; a first contact layer 32 containing, for
example, a p-type semiconductor such as p-GaP and having
a thickness on the order of 4 um; a lower clad layer 34
containing, for example, a p-type semiconductor such as
p-Al, s3In, 4P and having a thickness on the order of 0.5
um; an active layer 36 having a multiple quantum well
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formed from, {for example, a multilayer body of
Ga, < ,In, ,oP—(Al, <Ga, ), 510, .oP; an upper clad layer
38 contaiming, for example, an n-type semiconductor such as
n-Al, <;In, ,~P and having a thickness on the order of 0.5
um; a blocking layer 40 containing, for example, an n-type
semiconductor such as n-(Al, :Ga, <), 510, 4P and having
a thickness on the order of 2 um; a second contact layer 42
containing, for example, an n-type semiconductor such as
n-GaAs and having a thickness on the order of 50 nm; and
a topside electrode 16, in which the diffusion-control barrier
layer 24, the metal layer 26 and the dielectric layer 30 are
patterned so as to lie locally 1n the place corresponding to the
aperture 12 formed 1n the topside electrode 16 1n a state of
being stacked on top of each other.

On the underside of the support substrate 20, an underside
clectrode 46 having a laminated structure of, for example, T1
and Au 1s fixed by, for example, vapor deposition or sput-
tering. In forming the topside electrode 16 and the underside
electrode 46, use can be made of metal materials such as
precious metals or precious-metal alloys, which are stable
during, for example, an etching operation included 1n the
manufacturing procedure of the point source light-emitting
diode 10. In the point source light-emitting diode 10, a
current-blocking region 44 which blocks the passage of
current, 1s provided by implanting, for example, hydrogen
ion (H") to extend from the underneath of the topside
clectrode 16 down to the upper clad layer 38 so as to
significantly 1increase resistance. This current-blocking
region 44 has the function of narrowing a tlow of current
passing through the active layer 36 on the way of passage of
the current from the topside electrode 16 to the underside
clectrode 46 fixed on the underside of the support substrate
20 and concentrating the current flow nto a region of the
active layer 36, specifically a region corresponding to the
area directly underneath the aperture 12, thereby making the
active layer 36 emit light locally from the region. Accord-
ingly, the point source light-emitting diode 10 has a current-
narrowing function of allowing localized emission of light
from the active layer 36 through concentration of a current
flow 1nto the region directly undemeath the light extraction
face 17 having a diameter of, for example, about 150 um.

In the point source light-emitting diode 10, a metal
reflection face 50 having a high retlectivity RR1 1s formed
at the dielectric layer 30 side surface of the metal layer 26,
because the dielectric layer 30 inhibits the occurrence of
reaction between the metal layer 26 and the first contact
layer 32, namely diffusion or alloying, caused by the heat at
the time of thermocompression bonding of the support
substrate 20, thereby suppressing diffused retflection and
light absorption. In this point, the dielectric layer 30 func-
tions as an alloying prevention layer.

On the other hand, reaction between the first contact layer
32 and the metal adhesion layer 22, namely diffusion or
alloying occurs at an 1ntertace therebetween due to the heat
at the time of thermocompression bonding of the support
substrate 20 to cause a reduction 1n retlectivity and/or
increase 1n absorptivity. As a result, the light reflection
reduction face 52 having retlectivity RR2 that 1s lower than
the retlectivity RR1 of the metal reflection face 50 1s formed
at the interface. The alloy layer 54 having the reflectivity
RR2 and formed around the metal reflection face 50, though
it 1s a very thin layer, 1s illustrated by broken lines 1n FIG.
2 for easiness ol understanding. Incidentally, a layer con-
taining a light-retlection reduction material to form the light
reflection reduction face 52 may be provided positively so as
to encompass the metal retlection face 50 at the boundary
surface between the first contact layer 32 and the metal
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adhesion layer 22. The matenial and the temperature for
forming the light-reflection reduction face 52 have been
experimentally determined 1n advance so that the reflectivity
RR2 of the light reflection reduction face 52 satisfies the
relation of RR2<0.8RR1 with respect to the reflectivity RR1
of the metal retlection face 50 provided on the metal layer
26. In addition, adjustment to the reflectivity RR1 of the
metal retlection face 50 1s preferably adjusted so as to satisiy
the relation of RR1=270% with respect to light of wave-
lengths to be emitted from the active layer.

In a vertical section passing through the central point CP
of the aperture 12 formed locally 1n the topside electrode 16,
as 1llustrated 1n FIG. 2, the dielectric layer 30 and the metal
reflection face 50 are placed 1n the same pattern as the
aperture 12 and 1n a concentric state. The metal reflection
tace 50 1s formed so that 1ts diameter .2 has a value 1n a
range satisiying the relation of 0.2L1=1.2<1.8L1 (preferably
0.6L1=1.2=<1.4L.1) with respect to the diameter L1 of the
aperture 12; so that when a distance between an edge of the
metal reflection face 50 and a point of intersection of the
normal to an edge of the aperture 12 and the metal reflection
face 50 1s taken as distance D, the distance D satisfies the
relation of 0=D=0.41L1 (preferably 0=D=0.21.1) with respect
to the dimension L1 of the aperture 12 1 FIG. 2; so that
when an area of the metal reflection face 50 1s taken as area
A2 and an area of the aperture 12 1s taken as area Al, they
satisfy the relation of 0.04A1<A2<3.24A1 (preferably
0.36A1=A2<1.96A1); and/or so that when a distance
between one outer edge and the other outer edge of the
topside electrode 16 1s taken as distance L3, 1t 1s adjusted to
satisty the relation of 1L.2<0.91.3 1n the cross section passing
through the center CP of the aperture 12 formed locally in
the topside electrode. These relations have been determined
experimentally 1 advance so as to allow compatibility
between retention of output light intensity and suppression
of side light and achieve further reduction 1 side light
intensity without lowering the output light intensity.

According to the point source light-emitting diode 10
configured as described above, a double heterostructure 1s
formed of the upper clad layer 38, the active layer 36 and the
lower clad layer 34, which are stacked on top of each other
through crystal growth. When forward current 1s passed
between the topside electrode 16 and the underside electrode
46, the active layer 36 1s made to emit light locally 1n the
light emission region P which 1s situated directly underneath
the aperture 12, or equivalently, the light extraction face 17.
Light rays generated in the light emission region P of the
active layer 36 radiate out in directions of the top face,
lateral face and bottom face sides of the point source
light-emitting diode 10. Among the light rays emitted from
the light emission region P of the active layer 36 to the
direction of the side of underside electrode 46, light rays
reflected by the metal reflection face 30 to the direction of
the top face side are output from the light extraction face 17,
together with light rays emitted from the active layer 36 to
the direction of the side of the aperture 12. On the other
hand, among the light rays emitted from the active layer 36
to the side of underside electrode 46, light rays reaching the
light reflection reduction face 52 lying around the metal
reflection face 50 undergo absorption or difflused reflection
at the light reflection reduction face 52 to result 1n intensity
reduction of the reflected light. The arrows indicated with
dot-dash lines in FIG. 2 1llustrate those light rays.

Thus, the point source light-emitting diode 10 not only
has a high light extraction efliciency as compared with the
case ol providing a highly angle-dependent multilayer
reflecting mirror (a DBR layer), but also has an adequately
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suppressed side light leakage from the end faces of the point
source light-emitting diode 10 1n the regions represented by
A, B and C in FIG. 1. FIG. 3 1s a graph showing the
relative-change characteristic of light intensities measured
along the dot-dash line Y in FIG. 1. FIG. 3 indicates that,
when the maximum light intensity measured at the position
directly above the aperture 12 is taken as 100%, the intensity
of side light leaking out from the end faces of the point
source light-emitting diode 10 1s on the order of 4% to 5%
in each of the regions A and B.

In FIG. 4 1s illustrated a structural example of a point
source light-emitting diode 100 of a form 1n which the metal
reflection face 50 1s provided all over a traverse plane of the
diode chip, parallel to the topside electrode 16. The point
source light-emitting diode 100 differs from the point source
light-emitting diode 10 1n a structural way that the diffusion-
control barrier layer 24, the metal layer 26 thereon, and the
dielectric layer 30 to be sandwiched between the metal layer
26 and the first contact layer 32 are stacked on top of each
other so that each layer 1s spread all over a traverse plane of
the diode chip, which 1s parallel to the topside electrode 16,
but the other structural ways are the same.

According to the point source light-emitting diode 100
configured 1n the foregoing way, the metal reflection face 50
formed at the interface between the metal layer 26 and the
dielectric layer 30 lies all over a traverse plane of the diode
chip, which 1s parallel to the topside electrode 16. Thus, as
illustrated by arrows indicated with dot-dash lines 1n FIG. 4
also, the point source light-emitting diodes 10 and 100 have
a common point that, among the light rays emitted from the
light emission region P of the active layer 36 to the direction
of the side of underside electrode 46, some light rays are
reflected by the metal reflection face 50 to the direction of
the top face side and output from the light extraction face 17,
together with light rays emitted from the active layer 36 to
the direction of the side of the aperture 12. In the point
source light-emitting diode 100, however, all the light rays
emitted from the active layer 36 toward the side of underside
clectrode 46 and reaching the metal layer 26 are reflected by
the metal reflection face 50 and a portion of them leak out
from the end faces of the point source light-emitting diode
100, and therefore the intensity of side light becomes
relatively high. FIG. § 1s a graph showing the relative-
change characteristic of lilt intensities measured along the
dot-dash line Y in FIG. 4. FIG. 4 indicates that, when the
maximum light intensity measured at the position directly
above the aperture 12 1s taken as 100%, the intensity of side
light leaking out from the end face of the point source
light-emitting diode 100 becomes a relatively high value of
the order of 20% 1n each of the regions A and B.

FIG. 6 1s a flowchart explaiming main processes in an
example of a manufacturing procedure of the point source
light-emitting diode 10, and FIG. 7 includes diagrams 1llus-
trating the multilayer states of intermediate products
obtained 1n the course of manufacturing processes, respec-
tively. In a crystal growth process P1 of FIG. 6, an etching
stop layer 56 containing a compound semiconductor such as
Ga, 5,In, 40P and having a thickness of the order of 0.2 um;
a second contact layer 42; a blocking layer 40; an upper clad
layer 38; an active layer 36; a lower clad layer 34; and a first
contact layer 32 are made to grow epitaxially in this order on
a growth substrate 60 before being cut and divided, that is,
specifically on a semiconductor water of GaAs single crys-
tal, through the use of a MOCVD (Metal Organic Chemical
Vapor Deposition) method or a MBE (Molecular Beam
Epitaxial) method. (a) of FIG. 7 illustrates the state men-
tioned above.
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In the next process, a dielectric layer formation process
P2, a dielectric material including, for example, S10, has
been stuck on the entire surface of the support substrate 20
side of the first contact layer 32 by the use of an electron-
beam deposition, sputtering or plasma CVD method, and the
thus stuck dielectric material 1s subjected to patterning
(etching) so as to leave a portion corresponding to the
aperture 12 by the use of a photolithographic techmque,
thereby locally forming a dielectric layer 30. Alternatively,
the dielectric material including S10, can be patterned by the
use of buflered hydrofluoric acid. In the subsequent inter-
mediate-electrode formation process P3, at least one inter-
mediate electrode 28 1s formed by a photolithographic
technique. Specifically, the intermediate electrode 28 1s
tormed locally by, for example, providing a resist layer on
the dielectric layer 30 only within the area corresponding to
an aperture from which light generated 1n the active layer 1s
to be emitted out, performing vapor deposition or sputtering,
of an intermediate electrode material such as AuBe or AuZn,
and then removing the resist layer. In the subsequent metal-
layer formation process P4, a metal layer 26 1s formed by a
photolithographic technique. More specifically, the metal
layer 26 1s formed locally by, for example, providing a resist
layer on the area other than the area corresponding to the
aperture 12, performing resistance heating, electron-beam
vapor deposition or sputtering of a metal material such as
Ag, Al, Au, Pt or an alloy containing any of them, and then
removing the resist layer. In the subsequent diffusion-control
barrier layer formation process P35, a diffusion-control bar-
rier layer 24 1s formed by the use of a photolithographic
technique. More specifically, the diffusion-control barrier
layer 24 1s formed locally by, for example, providing a resist
layer 1n the area other than the metal layer 26, performing
resistance heating, electron-beam vapor deposition or sput-
tering of a diffusion-control barrier material such as 11, and
then removing the resist layer. Subsequently, a metal adhe-
sion layer 22 1s formed.

In the support substrate bonding process P6, as illustrated
in (b) of FIG. 7, a metal having a low melting point
(indicated as “M” 1n (b) of FIG. 7), such as Au—1In, Pb—Sn,
In—Sn or Au—=Sn 1s stuck by vapor deposition or the like
not only on the face of the first contact layer 32 on the side
which the laminate of the dielectric layer 30, the metal layer
26 and the diffusion-control barrier layer 24 1s formed and
which lies on the side facing the support substrate 20, but
also on the face of the support substrate 20 on the side facing
the active layer 36. Then, the face of the active layer 36 side
of the waler-shaped support substrate 20 1s brought into a
state of being pressed against the face of the support
substrate 20 side of the first contact layer 32 and subjected
to thermocompression bonding. In the subsequent growth-
substrate separation process P7, both the growth substrate 60
and the etching stop layer 56 are removed. For example, the
growth substrate containing GaAs 1s etched with a mixed
hydrogen peroxide-ammonia solution. Thereafter, the etch-
ing stop layer 56 containing InGaP 1s etched with a hydro-
chloric acid-based etching solution. (¢) of FIG. 7 illustrates
the resulting state.

In the subsequent current-narrowing structure formation
process P8, a current-blocking region 44 forming a noncon-
ductive region having a markedly high resistance 1s formed
by, for example, H" ion implantation in a region situated
directly underneath the topside electrode 16, not including
the light extraction face 17, and extending from the surface
of the second contact layer 42 down to an 1nner plane of the
upper clad layer 38 lying at least halfway 1n 1ts thickness
direction. The current-blocking region 44 may be formed 1n
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a region extending in the thickness direction from near the
first contact layer 32 up to the second contact layer 42. In the
clectrode formation process P9, a topside electrode 16 1s
formed by vapor deposition or sputtering on the upper face
of the second contact layer 42, namely the topside of the
point source light-emitting diode 10. In addition, the back
(bottom face) of the point source light-emitting diode 10 1s
polished to a mirror-finished state, and on the mirror-
finished face, an underside electrode 46 1s formed by resis-
tance heating, electron-beam vapor deposition or sputtering.
Then, the water 1s divided 1nto individual pieces of the point
source light-emitting diode 10. (d) of FIG. 7 illustrates the
state mentioned above. Thus the point source light-emitting,
diode 10 1llustrated 1n FIGS. 1 and 2 1s formed.

According to the point source light-emitting diode 10
formed 1n this embodiment, the metal reflection face 50 1s
provided, as described above, on a localized area of the
metal layer 26, namely the area corresponding to the aper-
ture 12 formed locally in the topside electrode 16, which
reflects light generated 1n the active layer 36 to the side of
the aperture 12. And around the metal reflection face 50 1s
provided the light reflection reduction face 32 having a
lower reflectivity than that of the metal reflection face 50.
With this being the situation, a portion of light rays travel-
ling from a portion of the active layer 36 to the side of the
support substrate 20 are retlected by the metal reflection face
50 and another portion of the light rays are absorbed by the
light reflection reduction face 52 without undergoing retlec-
tion. Thus, side light leaking out from the end face of the
chip-shaped point source light-emitting diode 10 1s sup-
pressed adequately.

In addition, according to the point source light-emitting
diode 10 formed in this embodiment, the p-type semicon-
ductor layer (the first conduction-type layer) includes the
first contact layer 32, and the dielectric layer 30 brought into
contact with a portion of the first contact layer 32 1s provided
on the metal layer 26. With this being the situation, reaction
between the metal layer 26 and the first contact layer 32,
namely diffusion or alloying, 1s inhibited 1n a portion 1n the
interface of the metal layer 26 covered with the dielectric
layer 30 which 1s 1n contact with a portion of the first contact
layer 32, and therefore diflused reflection and light absorp-
tion are prevented. Thus the metal retlection face 50 having
a high reflectivity 1s formed locally at the active layer side
surface of the metal layer 26.

Further, according to the point source light-emitting diode
10 formed in this embodiment, the dielectric layer 30 1s
provided locally beneath the portion of the first contact layer
32 corresponding to the aperture 12. With this being the
situation, 1n the portion of the upper surface of the metal
layer 26 corresponding to the aperture 12, reaction between
the metal layer 26 and the first contact layer 32, namely
diffusion or alloying, 1s inhibited, and therefore diffused
reflection and light absorption are prevented. Thus the metal
reflection face 50 having a high reflectivity 1s formed locally
at the active layer 36 side surface of the metal layer 26.

Furthermore, according to the point source light-emitting
diode 10 formed in this embodiment, a plurality of the
intermediate electrodes 28 for electric continuity between
the first contact layer 32 and the metal layer 26 1s provided
in a state of passing through the dielectric layer 30. With this
being the situation, electric current to travel between the
topside electrode 16 and the plurality of the intermediate
clectrodes 28 comes to flow into the intermediate electrode
28 passing through the dielectric layer 30 provided 1n the
area corresponding to the aperture 12 formed locally 1n the
topside electrode 16, and therefore the electric current
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sullers no diffusion and 1s centralized 1n the region of the
active layer 36 corresponding to the area directly underneath
the aperture 12 formed 1n the topside electrode 16. As a
result, the active layer 36 1s made to emit light locally 1n the
region P corresponding to the area directly underneath the
aperture 12 formed in the t0p81de clectrode 16. Thus, further
suppression of side light emission can be achieved.

In addition, according to the point source light-emitting
diode 10 formed 1n this embodiment, the metal layer 26 1s
made to lie locally in the same pattern as the dielectric layer
30 1n a state of adjoining the dielectric layer 30 underneath
the first contact layer 32. With this being the situation, at
least the dielectric layer 30 and the metal layer 26 are
required to undergo patterning. On the other hand, when the
metal layer 1s made to lie overall beneath the first contact
layer, only the dielectric layer 1s subjected to patterning. In
this case of making the metal layer lie overall beneath the
contact layer via the localized dielectric layer, alloying
occurs at the boundary surface between the first contact
layer 32 and the metal layer 26 due to the temperature at the
thermocompression bonding, resulting 1n formation of the
light reflection reduction face 52 having a reduced retlec-
tivity and/or an increased absorptivity.

Further, according to the point source light-emitting diode
10 formed in this embodiment, the support substrate 20 1s
bonded to the first contact layer 32 by thermocompression
via the metal adhesion layer 22 contaiming a metal having a
low melting point, and besides, the diffusion-control barrier
layer 24 1s made to intervene between the metal adhesion
layer 22 and the metal layer 26. With this being the situation,
reaction between the metal adhesion layer 22 and the metal
layer 26 can be prevented from occurring at the temperature
at which the metal adhesion layer 22 melts under thermo-
compression bonding.

Further, according to the point source light-emitting diode
10 formed 1n this embodiment, 1n the longitudinal section
passing through the center point PC of the aperture 12
tormed locally 1n the topside electrode 16, illustrated in FIG.
2, the diameter .2 of the metal reflection face 50 has a
dimension satisiying the relation of 0.2L.1=<L.2<1.8L1 (prei-
erably the relation of 0.6L.1=<1.2<1.4L.1) with respect to the
diameter L1 of the aperture 12. With this being the situation,
it becomes possible to make retention of output light inten-
s1ty and suppression of side light compatible with each other,
and reduction in intensity of side light can be achieved
without lowering the intensity of output light.

In addition, according to the point source light-emitting
diode 10 formed 1n this embodiment, the reflectivity RR2 of
the light-reflection reduction face 352 1s adjusted to satisiy
the relation of RR2=<0.8RR1 with respect to the retlectivity
RR1 of the metal reflection face 50 provided on the metal
layer 26 With this being the situation, 1t becomes possible to
make retention of output light intensity and suppression of
side light compatible with each other, and reduction in
intensity of side light can be achieved without lowering the
intensity of output light.

Further, according to the point source light-emitting diode
10 formed 1n this embodiment, 1n the longitudinal section
passing through the center point CP of the aperture 12
illustrated 1n FIG. 2, when the distance between an edge of
the metal reflection face 50 and a point of intersection of the
normal to an edge of the aperture 12 and the metal reflection
tace 50 1s taken as distance D, the distance D 1s adjusted to
satisty the relation of 0=D=0.411 (preferably the relation of
0=D=0.2L.1) with respect to the diameter L1 of the aperture
12. With this being the situation, 1t becomes possible to
make retention of output light intensity and suppression of
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side light compatible with each other, and reduction 1n
intensity of side light can be achieved without lowering the
intensity of output light.

Furthermore, according to the point source light-emitting
diode 10 formed 1n this embodiment, when the area of the
metal reflection face 50 1s taken as A2 and that of the
aperture 12 as Al, they satisty the relation of
0.04A1=A2=<3.24A1 (preferably the relation of
0.36A1=<A2<1.96A1). With this being the situation, it
becomes possible to make retention of output light 1intensity
and suppression of side light compatible with each other, and
reduction 1n intensity of side light can be achieved without
lowering the intensity of output light.

In addition, according to the point source light-emitting,
diode 10 formed in this embodiment, the distance L3
between one outer edge and the other outer edge of the
topside electrode 12 1s adjusted to satisty the relation of
[.2=<0.9L3 1n the cross section passing through the center of
the aperture formed locally 1n the topside electrode 16. With
this being the situation, suppression of side light can be
achieved more eflectively.

Embodiment 2

In FIG. 8 1s 1illustrated a structural example of a point
source light-emitting diode 70 of a form in which the
dielectric layer 30 1s provided locally at the place corre-
sponding to the aperture 12 1n the same manner as in the
point source light-emitting diodes 10, but each of the metal
layer 26 and the diflusion-control barrier layer 24 1s pro-
vided all over a traverse plane of the diode chip, parallel to
the topside electrode 16. In the point source light-emitting
diode 70, the metal layer 26 and the first contact layer 32
immediately adjoin each other around the dielectric layer 30,
and react with each other due to the heat at the time of
thermocompression bonding of the support substrate 20,
thereby forming a light reflection reduction face 52. Thus,
the point source light-emitting diode 70 according to this
embodiment can achieve the same operational advantages as
the point source light-emitting diode 10.

In the foregoing, representative embodiments according,
to the present invention are 1llustrated 1n detail on the basis
of the drawings, and the present invention 1s also applicable
in other aspects.

For example, the active layer 36 of each of the point
source light-emitting diodes 10 and 70 formed 1n the fore-
going embodiments has an AllnGaP-base multiple quantum
well  structure formed {from a Ga,:j s In, o P—(Al, -
Gag 5 )y 5110, 40P multilayer body, but 1n the active layer 36
use can be made of, for example, a GaAs-base semiconduc-
tor or a GaP-base semiconductor.

Each of the point source light-emitting diodes 10 and 70
may have such a structure containing, for example, a second
contact layer 42 containing Si—GaAs or Te—GaAs; an
upper clad layer 38 containing Si—Al In, P or Te—Al_
In,_ P (where 0.47<x=0.53); an active layer 36 containing a
barrier layer contamning (Al Ga, ) In, P  (where
0.47=<x=<0.53, 0.47=<y=<0.53) and a quantum well layer con-
taining (Al,Ga,_ ) In, P (where 0=x<0.05, 0.47<y=<0.53); a
lower clad layer 34 containing Zn—Al In, P, Mg—Al_
In,_P or C—Al In, P (where 0.47<x=<0.53); and a first
contact layer 32 containing Mg—GaP or C—GaP.

In addition, each of the point source light-emitting diodes
10 and 70 may contain at least one the layers selected from
a dielectric layer 30 containing SiN_, Al,O,, T10, or Ta,O;;
an intermediate electrode layer 28 containing AuZn, AuBe
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or I'TO; a diffusion-control barrier layer 24 containing Pt, Ni,
Cr or W; and a support substrate 20 containing SIC, Cu, Mo,
Al,O; or 510,

Further, the active layer 36 of each of the point source
light-emitting diodes 10 and 70 formed in the foregoing
embodiments has a multiple quantum well structure, but the
active layer 36 doesn’t necessarily need to have such a
structure, and 1t may have a single-layer quantum well
structure or a conventional pn-junction structure.

Additionally, each of the point source light-emitting
diodes 10 and 70 formed 1n the foregoing embodiments has
a plurality of intermediate electrodes 28 passing through the
dielectric layer 30, but only one mtermediate electrode 28
may be provided. It 1s only essential that at least one
intermediate electrode 28 be provided 1n the dielectric layer
30.

Further, each of the point source light-emitting diodes 10
and 70 formed 1n the foregoing embodiments has a rectan-
gular shape 1n 1ts plan view, but 1t may have another shape
such as a square shape. In addition, the aperture 12 1n each
of the foregoing embodiments has nearly square 1n shape,
but 1t may be circular in shape or the like.

Furthermore, for the purpose of enhancing light extraction
elliciency, the light extraction face 17 of each of the point
source light-emitting diodes 10 and 70 formed 1n the fore-
going embodiments may have, on an as needed basis, a
many needlelike steep microspikes having sufliciently high
heights on the order of 0.4 to 1.0 um and high aspect ratios
formed by undergoing roughening treatment (texturing
treatment) utilizing wet or vapor-phase etching. In addition,
the light extraction face 17 of each of the point source
light-emitting diodes 10 and 70 may be provided with an
antiretlective film for the purpose of preventing the retlec-
tion of light.

In addition, each of the point source light-emitting diodes
10 and 70 formed in the foregoing embodiments has the
current-narrowing structure formed by the current-blocking
region 44 being provided by i1on implantation 1n a region
directly underneath the topside electrode 16, exclusive of a
region directly underneath the aperture 12. However, it may
have a current-narrowing structure formed by the current-
blocking region 44 being provided by diffusion of impurities
in a region directly underneath the topside electrode 16,
exclusive of the region directly underneath the aperture 12,
or a current-narrowing structure formed by removing the
current-blocking region 44 through mesa etching.

Incidentally, the foregoing are merely some embodiments
of the present invention, and the invention can be performed
according to embodiments to which various changes and
modifications are made based on knowledge of persons
skilled 1n the art.

The present application 1s based on Japanese Patent
Application No. 2014-044284 filed on Mar. 6, 2014, and the
contents thereof are incorporated herein by reference.

DESCRIPTION OF REFERENCE NUMERALS

10, 70, 100: Point source light-emitting diode
12: Aperture

16: Topside electrode

20: Support substrate

22: Metal adhesion layer

24: Diffusion-control barrier layer

26: Metal layer

28: Intermediate electrode

30: Daelectric layer

32: First contact layer
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36: Active layer

44: Current-blocking region (Current-narrowing structure)
50: Metal reflection face

52: Light-reflection reduction face

What 1s claimed 1s:

1. A point source light-emitting diode comprising;:

a support substrate, a metal layer, a first conduction-type
layer, an active layer, a second conduction-type layer
containing a current-narrowing structure, and a topside
clectrode having an aperture, stacking in this order,

wherein the metal layer has a metal reflection face by
which a light generated 1n the active layer 1s reflected
towards the aperture side,

wherein the point source light-emitting diode further
comprises a light-reflection reduction face having a
lower reflectivity and/or a higher absorptivity than the
metal reflection face, provided around the metal reflec-
tion face,

wherein the metal reflection face 1s provided locally 1n an
area corresponding to the aperture,

wherein a first portion of light rays directed towards the
support substrate from a region of the active layer 1s
reflected by the metal reflection face, and

wherein a second portion of light rays directed towards
the support substrate 1s absorbed by the light-retlection
reduction face without being reflected.

2. The point source light-emitting diode according to

claim 1, wherein

the first conduction-type layer comprises a first contact
layer, and

the point source light-emitting diode comprises a dielec-
tric layer being 1n contact with a portion of the first
contact layer and provided on the metal layer.

3. The point source light-emitting diode according to

claim 2, wherein

the dielectric layer 1s provided locally on an area of the
first contact layer, corresponding to the aperture.

4. The point source light-emitting diode according to

claim 2, wherein

the point source light-emitting diode further comprises, 1n
the mterior of the dielectric layer, at least one interme-
diate electrode provided so as to pass through the
dielectric layer for electric continuity between the first
contact layer and the metal layer.

5. The point source light-emitting diode according to

claim 2, wherein

the metal layer 1s made to stack locally on the first contact
layer 1n the same pattern as the dielectric layer 1n a state
of adjoining the dielectric layer, or to stack overall on
the first contact layer.

6. The point source light-emitting diode according to

claim 2, wherein

the support substrate 1s bonded to the first contact layer by
thermocompression via a metal adhesion layer contain-
ing a metal having a low melting point, and

the point source light-emitting diode further comprises a
diffusion-control barrier layer made to intervene
between the metal adhesion layer and the metal layer.

7. The point source light-emitting diode according to
claam 2, further comprising an alloy layer formed at an
interface of the first contact layer and the metal layer,

wherein the light-reflection reduction face 1s formed on
the alloy layer.

8. The point source light-emitting diode according to
claim 2, further comprising a metal adhesion layer contain-
ing a metal having a low melting pomnt and provided
between the first contact layer and the support substrate, and
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an alloy layer formed at an interface of the first contact layer
and the metal adhesion layer, wherein the light-reflection
reduction face 1s formed on the alloy layer.

9. The point source light-emitting diode according to
claim 1, wherein

1n a cross section passing through a center of the aperture

formed locally 1n the topside electrode, the metal
reflection face has a diameter L2 and the aperture has
a diameter L1, satisfying a relation of
0.2L1=<[.2<1.8L1.

10. The point source light-emitting diode according to
claim 1, wherein

the light-reflection reduction face has a retlectivity RR2

and the metal reflection face has a reflectivity RR1,
satistying a relation of RR2<0.8RR1.

11. The point source light-emitting diode according to
claim 1, wherein

1n a cross section passing through a center of the aperture,

the metal reflection face has a distance D between an
edge of the metal reflection face and a point of inter-
section of the normal to an edge of the aperture and the
metal reflection face, satisfying a relation of
0=D=0.4L1.

12. The point source light-emitting diode according to
claim 1, wherein

the aperture has an area Al and the metal reflection face

has an area A2, satisfying a relation of
0.04=A1=A2<3.24Al.

13. The point source light-emitting diode according to
claim 1, wherein

the metal reflection face has a diameter 1.2 and the topside

clectrode has a distance L3 between one outer edge and
another outer edge 1n a cross section passing through a
center ol the aperture formed locally 1 the topside
clectrode, satistying the relation of L.2<0.9L3.

14. The point source light-emitting diode according to
claim 1,

wherein the active layer 1s stacked such that the first

portion of light rays directed towards the support
substrate from the region of the active layer 1s reflected
by the metal retlection face and the second portion of
light rays directed towards the support substrate 1s
absorbed by the light-reflection reduction face without
being reflected to suppress side light leaking out from
end faces of the point source light-emitting diode.

15. The point source light-emitting diode according to
claim 1, wherein a width of the metal reflection face 1s less
than a width of each of the first conduction-type layer, a
surface area of the support substrate layer, and a surface area
of the second conduction-type layer.

16. The point source light-emitting diode according to
claim 1, wherein the active layer 1s devoid of the current-
narrowing structure.
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17. The point source light-emitting diode according to
claam 1, wherein the current-narrowing structure 1s only
stacked above the active layer.

18. The point source light-emitting diode according to
claim 1, turther comprising a light-reflection reduction face
surrounding an entirety of the metal reflection face, and

wherein an entire width of both of a dielectric layer and
an 1mtermediate electrode forming the metal reflection

face 1s less than a width of the active layer.

19. A point source light-emitting diode comprising:

a support substrate, a metal layer, a first conduction-type
layer, an active layer, a second conduction-type layer

containing a current-narrowing structure, and a topside
clectrode having an aperture, stacking in this order,

wherein the metal layer has a metal reflection face by

which a light generated 1n the active layer 1s reflected
towards the aperture side,

wherein the point source light-emitting diode further
comprises a light-reflection reduction face having a
lower reflectivity and/or a higher absorptivity than the
metal reflection face, provided around the metal reflec-
tion face,

wherein the metal reflection face 1s provided locally 1n an
area corresponding to the aperture, and

wherein the active layer 1s stacked such that a first portion
of light rays directed towards the support substrate
from a region of the active layer 1s reflected by the
metal reflection face and a second portion of light rays
directed towards the support substrate 1s absorbed by

the light-reflection reduction face without being
reflected.

20. A point source light-emitting diode comprising:
a support substrate, a metal layer, a first conduction-type
layer, an active layer, a second conduction-type layer

containing a current-narrowing structure, and a topside
clectrode having an aperture, stacking in this order,

wherein the metal layer has a metal reflection face by
which a light generated 1n the active layer 1s reflected
towards the aperture side,

wherein the point source light-emitting diode further
comprises a light-reflection reduction face having a
lower reflectivity and/or a higher absorptivity than the
metal reflection face, provided around the metal retlec-
tion face,

wherein the metal reflection face 1s provided locally 1n an
area corresponding to the aperture, and

wherein the light-reflection reduction face provided
around the metal reflection face 1s formed on a layer
containing a light-reflection reduction matenal.

G o e = x
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